It is well known that if the plant is free from ccincidences of poles and zeros in the right half plane then it can be decoupled with internal stability under unity-feedback configuration. We consider plants for which such coincidences do occur and give necessary and sufficient conditions under which stabilizing decoupling controllers exist. The conditions are explicit and can be easily checked; essentially the only computation required is the inverse of a rational matrix.
Introduction
Necesary and sufficient conditions of stabilizing decoupling controllers has been studied in [5] and, for the two-input two-output case, in [3] . The approach there is to find conditions under which there exists open-loop precompensators that decouple the plant while maintaining stabilizability.
It is well known that if the plant has no coincidence of pole and zero in the right half plane then there exists controllers that stabilize and decouple the system [4] , [a] . When a plant can not be stably decoupled it is precisely due to the coincidences of unstable poles and zeros. Our approach is to look carefully on such CO- incidences and see how their presence interferes with the decoupling requirement. The conditions so obtained are straightforward and easy to verify. The following notations will be used. 
Preliminaries
Consider the unity-feedback system S(P, C) shown in C E E$,(S)"~" is the controller, (~1 , Q) is the input and (y1,yz) is the output. We assume that P is nonsingular so that the inverse P-' E l E t (~) "~" exists. We say that the system S(P, C) is (internally) stable and C is a stabilizing controller for P if Hyu is stable; the system is decoupled and C is a decoupling controller for P if C stabilizes P and the 1/0 map Hyaul is nonsingular and diagonal.
Since P is strictly proper there is a one-to-one correspondence between the controller C and the trans- 
= [ PQ ( I -PQ)P
and, in particular, the 1/0 map Hyaul = PQ.
Stability of S ( P , C ) requires the stability of the four block entries of (2.2). The following Lemma says that if the diagonal entries of (2.2) are stable then the only unstable poles that may appear in the off-diagonal entries are those that are both poles and (transmission) zeros of P .
Lemma 1 For the system S(P, C) with Hyu given in 
Necessary and Sufficient Conditions
A sufficient condition for the existence of a decoupling controller for P is that P has no coincidences of poles and zeros in C+. The sufficient condition is however not necessary [3], [5] . To find a necessary condition we need only to consider the cases where coincidences of C+ pole-zero do occurs. To simplify derivations we consider first the case where the C+-coincidences are all simple.
Simple coincidences
Given P E Rpo(s)"xn with P-l E R(s)"'". Write Assume that both Q and ( I -P Q ) P are analytic at {Xj}E1 and write Since Q is analytic at { X j }~l , QP is analytic at {Aj}gl if and only if the associated residues are zero.
The residue at the pole X j is Thus QP is analytic at {Xj}z, if and only if where we have used (3.4). We now show that the necessary conditions (3.6) and (3.7) together is also sufficient to guarantee the existence of a decoupling controller for P . We do this by showing that if (3.6) and (3.7) hold then it is possible to choose a proper stable diagonal 1/0 map H so that the matrices Q := P -l H , ( .7) is also satisfied then the matrix QP is stable. By Lemma 1, with Q and ( I -P Q ) P stable, the C+-poles of QP form a subset of {XI,. . .,AM}. However, the condition (3.7) and the stability of Q and ( I -P Q ) P together insures that Q P is analytic at {Xj}gl. Thus Q P is stable. We have thus established the following necessary and sufficient conditions for the existence of a decoupling controller. (ii) Condition (3.7) ensures that stability of Hylul and W y z u 2 together implies the stability of Hyluz; the possible instability due to coincidences of pole-zero in (E+ is avoided.
General case
We now consider the general case. Let The sufficient and necessary condition for the existence of a decoupling controller is given in the following Theorem.
Theorem 3 For the plant P together with its inverse P-' given in (3.13) and (3.14) there exists a decoupling controller if and only if for j = 1, . . . , M , 
Concluding Remarks
The Proof of Theorem 3 is similar to that of Theorem 2 although the derivations are much more involved. The extension to general block decoupling case is straightforward, in fact, the conditions remain the same except the matrices involxied are blocks of columns and blocks of rows (instead of columns and rows.) The conditions are derived based on transfer matrices alone without using coprime factorizations and stability factorizations [5] , [3] , and thus make it very easy to compute and verify.
